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TECHNICAL NOTE D-383

THEORETICAL CALCULATIONS OF THE FRESSURES,
FORCES, AND MOMENTS DUE TO VARIOUS LATERAL MOTIONS
ACTING ON TAPERED SWEPTBACK VERTICAL TAILS WITH
SUPERSONIC LEADING AND TRAILING EDGES

By Kenneth Margolis and Miriam H, Elliott

SUMMARY

Based on expressions for the linearized velocity potentials and
pressure distributions given in NACA Technical Report 1268, formulas
for the span load distribution, forces, and moments are derived for
families of thin isolated vertical tails with arbitrary aspect ratio,
taper ratio, and sweepback performing the motions constant sideslip,
steady rolling, steady yawing, and constant lateral acceleration. The
range of Mach number considered corresponds, in general, to the condi-
tion that the tall leading and trailing edges are supersonic.

To supplement the analytical results, design-type charts are pre-
sented which enable rapid estimation of the forces and moments (expressed
as stability derivatives) for given combinations of geometry parameters
and Mach number,

INTRODUCTION

Formulas for the linearized velocity potentials and pressure dis-
tributions to enable the calculation of the span loading due to various
motions over thin isolated vertical tails at supersonic speeds were pre-
sented in reference 1. The purpose of the present paper is to utilize
these formulas to derive analytical expressions for the span load dis-
tribution and the resulting forces and moments applicable to a family
of conventionally tapered vertical tails of arbitrary sweepback and
aspect ratio (fig. 1). The range of Mach number considered prescribes
that the tail leading and trailing edges are both supersonic subject to
a relatively minor restriction that the subsonic-edged root and tip are
noninteracting. Motions treated are constant sideslip, steady rolling,
steady yawing, and constant lateral acceleration.



Series of design-type charts are presen:ed which summarize the

force and moment results and enable the estimation of stability deriva-
tives for a given vertical tail at a desired Mach number. Tabulations
of formulas are also included to allow calcu:ations to be carried out
for the span loading.
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SYMBOLS

rectangular coordinates (see fig. 2(a))
nondimensional rectangular coordinate, z/b
free-stream or flight velocity (see fig. 2)
density of air

dynamic pressure, %pV2

perturbation velocity potential due to particular motion under
consideration, evaluated on negative y-side of tail surface
(see fig. 2)

difference in perturbation velocity potential between two
sides of tail surface, @(x,0%,z) - @(x,07,2)

coefficient of pressure difference between two sides of tail
surface due to particular motlor. under consideration, posi-

tive in sense of positive side force (see fig. 2)

v

Mach be _
¢ DUmbeY,  Sonic speed

Mach number parameter, ME -1

x
t
spanwise distribution of circulat:.on, % \/ﬂ ¢ &£ dx

span of vertical tail
root chord of vertical tail

Tip chord

taper ratlo, oo hora

o ot



O o

m slope of tail leading edge, cotangent of leading-edge sweep-
back angle (see fig. 1)

A aspect ratio of vertical tail, b2/S

K aspect-ratio—Mach number parameter, AB

m sweepback-Mach number parameter, mB

S area of vertical tail

B angle of sideslip

p,Tr angular velocities about X- and Z-axis, respectively (see
fig. 2)

t time

8 rate of change of B with time, dp/dt

Fy side force

Mg, yawing moment

Mx rolling moment

Cy side-force coefficient, FY/qS

Cp yawing-moment coefficient, MZ/qu

Cy rolling-moment coefficient, MX/qu
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Py specific value of 2z where the Mach line from the leading
edge of the root section intersects the trailing edge (see
fig. 1)

Ps specific value of 2z where the Mach line from the lecading
edge of the tip section intersects the trailing edge (see
fig. 2)

Fi,Fs,. . .Fg functions used in formulas for spanwise distribution of

circulation

Subscripts:

B due to sideslip

P due to rolling

r due to yawing

é due to lateral acceleration

B=1 due to unit sideslip

r=1 due to unit yawing

1,2 components used for B derivatives

le leading edge

te trailing edge

All angles are measured in radians,
DERIVATION OF FORMULAS

The evaluation of the spanwise loading requires a knowledge of the

pressure distribution over the tail surface and is expressible in inte~
X

gral form as Jf te %?-dx. The spanwise distribution of circulation T
Xle
is directly proportional to the span loading (i.e., V/2 multiplied by
the span loading) and will be used in the present report in preference
to the span loading in order to maintain consistency with several pre-
viously published papers dealing with plane-surface loadings. The basic
relation for the spanwise distribution of circulation is thus given by
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NJ-ELR - (x,z)ax (1)

The pressure-difference distribution %? (x,z) is expressible in

terms of the perturbation-velocity-potential iifference or "potential
Jump across the surface" AJ by means of the linearized relationship

2-563m0 39

y2

Since the current investigation considers only thin isolated tail sur-
faces with no induced effects present from any neighboring surface, the
perturbation velocity potentials on the two sides of the tail are equal

in magnitude but are of opposite sign. Equation (2) may then be rewritten

in terms of the perturbation velocity potential ¢ as follows:

gi__‘__l‘l'_(vég_i_ég\ (3)

q v2 dx ot/

where ¢ is evaluated on the negative y-side of the tail surface.

For the steady motions of B, p, and r, equation (3) becomes
simply

4D
T=-_l (4)

and upon substitution of equation (4) into equation (1) and direct inte-
gration there results the expression

r'(z) = 2¢(xte,z) (5)

For the unsteady motion é the analysis and procedures discussed
in reference 1 yield the applicable pressure-difference formulsas

_A_r;=-5LM2(A_P) +M?_xg>
q B2 q v \a

N
i - B (6)

B=1

Substitution of equation (6) into equation (1) and integration through
utilization of equation (4) yield the following expression for evalu-
ating TI'(z) for the A motion:

O o3t
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Y M2 1 [ Tte
I'(z) = 2B{é§ ¢r=l(xteJZ) + — xte¢ﬁ=l(xte’z) -5 \/;le ¢B=1(X,Z)dx

(1)
where x7. &and xte are linear functions of z. (Note that ¢r=l(X1e;Z)

and ¢B=l(xle)z) are both zero - see ref, 1. An analogous expression

for wings undergoing constant vertical acceleration is given in ref. 2.)
Calculation of the spanwise distributions of circulation (eq. (5)

for B, p, and r motions; eq. (7) for B motion) thus requires

direct trailing-edge evaluations of previously derived Velocity:

potential functions (ref. 1) and an added integration for the B motion.
The forces and moments acting on the vertical tail due to each

motion may be obtained by plan-form integrations of the appropriate
pressure-distribution functions (given in ref. 1) and may be given as

follows
b X
te
Fy = qu Jf 2 ax az (8)
0 X 4

le
b X
te
_qj f A_dexdz (9)
0 X q

(10)
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where the moment reference is assumed to be at the leading edge of the

root section. Inasmuch as for steady motions %? = - % %Q, the first
X

integration with respect to x in equations (8) and (10) directly

yields ¢ (tabulated in ref. 1), and thus the derivations of Fy

and My for B, p, and r motions reduce to essentially a single
integration involving the velocity-potential function.

The nondimensional force and moment coefficients and corresponding
stability derivatives are directly obtainable from the definitions given
in the list of symbols. For example,
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L 1+ AN+ N°
C = e — —————
% = - 58 e

_ 2 1+ N+ A2

C —C
Tr T 3A (1 + x)g Lq
/ ) 2 L
8 \L+ A+ ) . 1
Cny = Vg 8
0

92 (1 4+ 0t

__2L+n+ N8
CYB T 3R (142 Ly

Cov = 8 (l + N+ A?ZB c
ne = - .
N Rt

where the wing derivatives CLa’ Cma’ CLq, Cmq, CL&’ and . are

defined and evaluated in references 3, 4, and 5 and should be computed
for an aspect ratio twice that of the vertical tail.

In order to obtaln vertical-tail derivatives applicable for other
moment-reference locations (item b), the presanted curves and formulas
may be used in conjunction with the axes-transformation formulas pre-
sented in table II.

Relative to item (c), the magnitudes of the tall derivatives may
appear to be quite large with respect to the =xpected tail contributions
to the derivatives of a complete airplane. Tae following factors should
be used in converting the presented analytical and numerical results to
corresponding derivatives (denoted in the following relationships by
subscript w) based on wing area Sy, wing span b,, and angles pbw/zv,

rb,[2V, and Pb,[2V:

Ay
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/ , 2
kcnp)w’ \Czp)w’ (Cnr)w’ (C Zr)w’ (Cné')w, (Clé)w =2 -S%(blw‘) (C%,CZP’CHT’CZr’Cné’CZé)
CONCLUDING REMARKS

Expressions based on the application of linearized thin-airfoil
theory for supersonic speeds have been derived for the span loading,
forces, and moments due to various lateral motions for a family of thin
isolated vertical tails of arbitrary sweepback and taper ratio. Motions
considered were constant sideslip, steady rolling, steady yawing, and
constant lateral acceleration. Forces and moments, expressed in the
form of stability derivatives, are also presented in a series of design-
type charts which facilitate evaluation for given values of Mach number
and tail-geometry parameters. The results are, in general, applicable
at those supersonic speeds for which both the tall leading and trailing
edges are supersonic.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., February 19, 1960,
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APPENDIX A

FORMULAS FOR SPANWISE DISTRIBUTION OF CIRCULATION
DUE TQO CONSTANT SIDEELIP
The formulas for spanwise distribution of circulation due to con-

stant sideslip motion may be summarized for the various spanwise regions
(see sketches) as follows:

Condition Formula for - B%S
0SzSP Fy
P <ZSPy Fy
P,<zS1l Fz
0SzSPp Fy
P2<2§Pl Fp +Fz - Fo
Pl<'i§l F3
where
P = = om
Alm - 1)(1 + A) + 2i(1 - )
and

1

Py - Al + 1)(1 + ) - 2m
Alm + 1)(1 + A) - 201 - )

and the F functions are as follows:

o o
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i ﬂKl/E(EH' 1)1/2(l+ X)l/e

Lm

\j-l:z(zi-l)(l+)\)+ 2A(1 -2)] 22 + 252

i rA(1+ M) (2 -1)1/2

S S

AL+ M) (E2 - 1)1/2

N

[(1_ M- 1]cos'1 [:K(El- (L +2)+m(1- x)]z- m
a[(1- Mz-1]

1-0)z-1]

? _nKl/‘?(l+ MY2(m-1

km

)1/2\/_[K(a+ 1)(1 ) - 261 - K)]EE+2[K(51+1)(1+ N -@(2- x)] Z- [K(lm)(ml) -251]

- 27 Jeost Raenaeny canon]se Raen@en -

AL+ ) (F2 - 1)1/2 Ea[(l-x)i-l]
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APPENDIX B

FORMULAS FOR SPANWISE DISTRIBUTION OF CIRCULATION
DUE TO STEADY ROLLING
The formulas for spanwise distribution of circulation due to steady

rolling motion may be summarized for the various spanwise regions (see
sketches) as follows:

Condition Formula for - I
pb®
0£z<SPh 12
P <z SP2 Fo
P,<zS1 Fs
0S%ZSPs Fy
P <zSP F| + Fz - Fp
Pp<zS1 Fs
where
P] = — 2m -
Alm - 1)(1 + A) + 2mll - A)
and
P, - Alm + 1)(L + A) - o2&

Alm + 1)(L + ) - 2ml - A)

and the F functions are as follows:

O o~
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= RK(+2)(R-1)(1+0) - (k- 1) (1- 1)
3 (m+ 1)5/2(1?1- 1)53/2(1 M)}/g{[

R = _ - - i — =2 2
+ m(km -1)} \/—E\(m- 1){1+A) +2m(1- x)] z +2mz-ﬂ1_(2(r_ﬁ2 -1)§/2(1+x)2{[A(m -1)(1-27)

L EGE-nasn sa0-n)]z-a
a(l-Nz-m

+ m(1- x)zjlig - [K(ﬁ@_ )(1+n) +2m(1 - ;\)] E+E\]cos

L {[‘T(E@_ 1){(1-22) +1-n(l-7\)2],22_ l:K(ElE (1 +N) +2En(1-x)]§+;n}

2T 1)2/2(1 s 02

b {[A‘(al _2) (R +1) (L4 )+ R+ 1) (10|24 E (2R 1)@ +1)(1 +3)

3 (@ 1) (B -1)3/285/2(1+ )3/2

- m(hm+ 1)]} ﬁ(&+1)(1+x) ~om(l- x)] A z[K(a+ {1+ -ml2- x)] z -[K(l+)\)(ﬁx+ 1) -aﬂ

] b {[K(Eﬁ-1)(1-x2)+x5(1->\)2]z2- [K(E2- 1+ 0+ zﬁ(l-x)]zm}
A2(52 ~1)/2(14 )2

L -Fas v a0 on]ie Jaenaen -5
° 2(1-N7 -6

cO
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APPENDIX C

FORMULAS FOR SPANWISE DISTRIBUTION OF CIRCULATION
DUE TO STEADY YAWING
The formulas for spanwise distribution of circulation due to steady

yawing motion may be summarized for the various spanwise regions (see
sketches) as follows:

Condition Formula for -
Brb2
0szsP F1
Pl<E§P2 F2
Pp<zS1 Fs
0%z2P, Fy
Pp<ZSP F) + F3 - Fp
Ppp<zel F3
where
Py = = 2 -
Alm - 1)(1 + A) + 2m(1 - )
and
Alm+ 1)(1L+ 7)) - 22
Po =

AR+ 1)1 + A) - 2m(1 - A)

and the F functions are given as follows:

oo
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1y
F) = - I[A(lm)(mi 282 - 2m+ 3) + m(1 - »)(5me + b~ 6)]-m(5
Ixm(m +1) 5/2(111 1)A / (1+ ) 3/2 L
b - 6) \/- X('-l)(l+7\)+2§1(l-7xj 72 + 2fE + C: {22 A(L-2(m2-1)
o } e J a(52 - 1)/2R2(1 +2)? [
- w(me- 2)(1- >\)2] - z[;(u M2 -1) - 2m(1 -A) (78 e)]
- A - 2) beos-1 [K(l+'~)(ﬁ1 1) +r’n(1— \)];':-r’n
n(l-3)z-m
Fp= b z2 ;_\(1_ ) (2 - 1) - m(m2 - 2) (1 - ?\)2] - E[:K(l+ A (2 - 1) - 2m(1 - A) (=@ - 2)] -m(me -2)}
(@2 _1)3/2/?2(“ >\)2
Fz= - - {-E E(L +2) (F3+ 252 - 2fi- 3) - (1 - A) (582 - b - 6)| + A(L + A) (F° - 72 - 2R)
3 e U5 1) B 214 )2 [ ]

- n(5me - b - 6}\[5\0“1)(1”)- 2m(1 - ) [2A(m+l (L4 ) 2m(2-/\:|z-|:A(l+A(m+l)-2mJ

+ L ‘2[A (@2 - 1) -m(m2- 2)(1-» ]-E,[K(ux)(fn?-l)_251(1-,\)(512-2)]
n(52-1)5/2K2(1+\

a2 2) Os_l-[K(l+r\)(r'n+l)-rﬁ(l—k)]i+[ﬂ-(l+)\)(ri+l)-ﬁn]
T A(1-NE-&
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APPENDIX D

FORMULAS FOR SPANWISE DISTRIBUTION OF CIRCULATION
DUE TO CONSTANT LATERAL ACCELERATION
The formulas for spanwise distribution of circulation due to con-

stant lateral acceleration motion may be summarized for the various
spanwise regions (see sketches) as follows:

Condition Formula for ——
fp2

05zSP Fi + Fo

P <ZSPp F3 + Fy

P,<zS1 Fs5 + Fg

0szSp, Fi + Fp

=z <
P2<Z=Pl F:‘+F2+F5+F6—F3—Fl‘_

1 F5+F6

where

Py em
Alm - 1)(1 +# A\) + 2m1l - )

and
Alm+ 1)1 + ) - 2m
Alm+ L)(L + A) = 2m1 - A)

]

Po

and the F functions are given as follows:

-

o o=t
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2 EG- naenrat-n)i-a
(1 -Nz-n

I

\E NE
Flz—._—_,;(l-»\)z-l cos
A2{1e N2 - 1)77 [ ]

+ S — {[K(Ex-l)(l«%)-i(l-x)]E+r‘n}¢—[t_\(i-l)(l+>\)+zﬁl(1-k) 324 omz
sxali+ 1) 2 (E - DA 21 2)37?
B(F2+ i - 1) {-[K(E:.l)(n x)+2§;(1-x)]i?+ 2:32}5"32
sxilas 1)372(5 - R 21 1)372 E
S S SO L [A(a-l)fu,\)ta(f-A)]i_a
A2 a0 1) B(1-NE-8
v {[— = - W .
+ ; = Alm -l)(1+/\)-m(l->\):]z+m} .[A(m-l)(1+A)+an(1-A)]z +2mz
(m +1)7 %G - )R 2 (1 e 072 \I
5 {‘[A_(E\-l)(l+>\)+215(l-7\)]224-25&}5/2
sl + 10328 - 1)A2(1 + 1) /2 z
1 4in . - 2
L F5=——f7—k1- ,\)z-l]
B (32 -1)2/%BL + 02
B, a2 [ononz-1)f
@@ -1 %2 n?
lF5=.___’@—[(1.))2_1]2cos'l '[K(E”l)(l”)";‘(l‘*ﬂi*‘[‘—‘(';”‘l)(“k)‘a],, b {_[A—(ﬁ+1)(1+ )
B R2(1+ 322 -1)372 o{l-Az-n sem(f+1) (7 - 1)3/2857/8(1 42)3/2

ca-n]Ee B :»\)H;]} J-[A-(ﬁ+l)(l+?\) 2L A)] 52 2 [RGB e 1) (14 A) -2 -2)] 7 -[R(E0 1) (e 0 - 2]

8(a2-5-1) {_[K(Eul)(u 2 - 2m(L- /\)] 24 Q[A'(E\u)(ux) —a(2- Az [A_(Eﬁ 1)(1+2) - 2&}.}/2
(@ + 1) (R - 1) A 21+ 1)372 (1-%)
m6=-i‘L——,R1-A)z-L]2cos'1 -[A(r‘nu)(lm)-rEx(L-})]_itE\(ﬁ+l)(1+X)—ﬁ]+ b {.[K(an)(lm)
B2 (@2 - 1) (- WEI-B 3a(@ +1) (@~ 1)3/2R37201 2)372

+ m(l- x)]2¢[7\'(7n +1)(1+x)+ﬁ]}\j:§(a+ 1){1+ ) - aa(x-x)__] Fn 2[Kfﬁ+1)(1+ A) - &2 -7\)]2- [K(Eu LY(1+2) - ai]
3/2
5 {.[x(a+1)(1m-za(1.>.)] z%e[x(au)(lm)-a(z-x)]z-[x(au)um)-aa]}
2230201 4 2)372 (1-32)

+
In(m+1){m-1
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-4m 14+ 2A
lim BCy = ( > (E11)

lim Cp,=
Aow P 3(1-1-12_1)1/2\1+ A
. B -2m =24 oh(mR - (E13)
lim BCy,= ——————[m + 2A(m l)]
Aol P oEER-1)3/2
= 5 - Rm(m- 1) 23 282 (1 1)2] (E1L)
lim BClB= 5720 -Am(m-1)"(n+1)+ m -
A—1 (72 - 1)
11 = L I:'5(-1+'2+ 1) + 3An(em+ 1) (m- 1)%(m+1)
m Cp, = I m ;
Aol P SRR (2 - 1)5/2

+ 6RR(R+1)% (R - 1)2:] (E15)

O o
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APPENDIX F

FORMULAS FOR STABILITY DERIVATIVES DUE TO

STEADY ROLLING MOTION

The formulas for the stability derivatives associated with steady
rolling motion are as follows:

iz ( R(E+ 1)(1+ )+ A1) PR[EG - 1) (12 (27 3) + (1 - 0]
BCy = + =
o7 2004 0320 x)ﬂ(auﬁ/?[x(a- 11+ n) + 281 - N2 (@12 2[AEs 1) (1 8) - 2m(1- #)] /2
(F1)
b, - h 2&2(17.2-1)(1+*A12+ oRa(3m+ 2)(1-7\2)+3r?12/£1-7\)2
Pospl/2y 0320 13 (Fi+ 1)5/2[}\(51- 1)1+ 2) + 2m(1 - x)} 372

,\2{2;?2(5‘@ 81 +6) (@2 - 1)(1+ 1)2 - 2B [322(R- 2) - bA(3R- 4) + 12(f - 1] (12 32) - #@2(5h - 8)(1 - x)2}>

(& - 1)3/2 [K(x‘m 1)(1L + ) - 2m(1 - %)-J 3/2
(F2)

. N l;:'é(:ﬁe-l)(l+%)3+2}_\2ﬁ(ﬁg 3+ 1)(L+ A)3(1-2) +RE2(6a+ 1) (L+ M) (1 - W) E +6a5(1 - n)2

v /20 )20 - x)51\ (m+ 1)3/2[1?(51- 1)L +2) +2R(L - x)?/g

xe{eﬁ(axe S8+ 6) (@2~ 1) (1 +0) - 2R%E(1 + A)3(1 - ) Bx?(a% B-3) - ba(@+ 35 -5) + 12(7- 1))

+ Kan(1+ N (L - 02 M - 15) -8(7 -2)] + 685321 - x)5}

(m- 1)5/2[1?(51 +1)(L+ ) - 2m(1 - >\)]5/2

(F3)
Lim BC - [ A+ + (-3 +h2[7\(1+k)(2x—5)+x(1-%)]
m Y = —
e P 5A1/2(1-%)2(1+K)5/2U:K(1+A)+2(1-x)] Y2 Raen oo
(Fk)
Lin BC, - .1 [Zze(l+7\)2+6K(l-%2)+3(l-%)2
fioe P sAM2(1 -m’(ln)’/?t Fen +2(1-0)
a2 I:eix?(}ﬂ S B+ 6)(1+A)% - 2R(3A2. 12A+ 12) (1 -A2) - A(5h - 8)(1 - ?\)2] (F5)

[A(1+ ) - 2(14)] 3/2
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2

[Kg(l +x)2 +33(1-22) +3(1 - 7\)2

lim Cph =
p

m- o

355/2(1_7\)2(]& 7\)5/21 [K(1+7\)+2(l-?\)] 3/2

. N2[RBA(3A - 1) (14 M) E - BN B) (1= 22) - 332(L - x)ﬂ

[K(1+ A) -2(1 - 7\)] 5/2

-4 (220 - 32° +1)

lim BCY =
Ao p 5(14—7\)(]_-7\)2
I?l—)oo
lim BC, =:E££iéll
Ao P 5(1*‘7\)
M~
lim Cp. =0
Tow P
oo
Li(ond -3;2
lin BCy = bm{2N’ -315 +1)
Eow P og(1en)(1-W22-1)H/2
e et 3 2._
Lin B0, - m(6AT - 16N + 120 - 2)
Esen 3(1+ M) (1= W)21A2 - 1)1/2
, (6N 21603 +1282 -2
zim  Cnp = ( 3 1}2
A— 3(1+ M) (1-2) (2 -1)

(F6)

(F7)

(F8)

(F9)

(F10)

(F11)

(F12)

O ot
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lim
A-l

1lim
A -1

o -z T 2/= 2= 2/ 2
BCYP= Kg(ﬁem_ 1)5/2E“3-Am(m+ 1)5(f-1) + 2A<(m+ 1)“(m-1)

lim BC; = il 2@“(ﬁ2+9)+u1§&2(a+1)g(&-1)2
Aol P oauEd(RR- 1)/

- oUERRR(f+1)2(R - 1) +32R0(m+ 1) (@ - 1)5]

Cp 1 @4(1%2-9) - 4Am2(m+ 1) (m S1)°2 (472 + i + 3)

Ponm (R - 1)7/2

+ ohEem(m+ 1)2(r'n- l)g(r'ng- m-1)+32A0(m+ 1) (& - 1)5]

25

(F13)

(F1k4)

(F15)
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APPENDIX G

FORMULAS FOR STABILITY DERIVATIVES DUE TO

STEADY YAWING MOTION

The formulas for the stability derivatives associated with steady

yawing motion are as follows:

clr=

[ AMa+1)(1+ ) +aR(Em+3)(1-A) +'AZE?.(:?1—1)(1+1\)(2“A—3> - (28 - 3)M1 - m)]
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APPENDIX H

FORMULAS FOR STABILITY DERIVATIVES DUE TO

CONSTANT LATERAL ACCELERATION

The formulas for the stability derivatives associated with constant
lateral acceleration motion are as follows:
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INDEX TO DESIGN CHARTS FOR STABILITY DERIVATIVES
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TRANSFER

TABLE IT

-OF-AXES FORMULAS

Stability derivatives in a body
system of axes with origin at
tail apex (see fig. 2(b))

of axes wi-h origin displaced dis-
tances xg (positive forward) and
zo (positive downward) from the
tail apex (see fig. 2(c))

Formulas for transfer to a body system

Cy
Cng - 3 O
Cay + Ebg Cy,
oy,
Cnp - T “Yp
cZp + -ZbE Cy,
Cy. - ibg CYB
Cp, - ’;_Q:cnﬁ + Oy) + (b) Oy,
Cop *+ 2 O, - P Cig - (%)(ZO)CYB
Cy;
Cag - 3 O3
Clé + ?b—o Cyé

O m—~3
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(a) Body-axes system used for analysis. Free-stream velocity V.

y,Fy

T_78n

(b) Principal body-axes system used for pres:ntation of stability deriv-
atives. Entire system moving with flight velocity V.

(c) Same type of axes system as (b) with origin translated.

Figure 2.- Systems of body axes. Positive directions of axes, forces, b
and moments indicated by arrows.
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Figure 7.- Continue
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